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Description 

FAULT CURRENT LIMITING SYSTEM AND 
METHOD 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This Application is a Continuation of Application PCT/ 
EP02/14890 filed on December 27, 2002. Application 
PCT/EP02/ 14890 claims priority for Application EP 
01205190.0 filed on December 31, 2001 in European 
Patent Office. Each of PCT/EP02/ 14890 and EP 
01205190.0 are incorporated herein by reference. 
BACKGROUND OF THE INVENTION 

[0002] This disclosure relates to a fault current limiting system 
and method, and in particular relates to a system and 
method for high-speed short-circuit current interruption. 

[0003] Bus-tie components which are able to interrupt very high 
short-circuit current in a time period which is a fraction of 
a period of the current are known in the art. 

[0004] The goal of conventional fault current limiting compo- 
nents is to allow downsizing of both left and right bus-bar 



systems, in comparison with the total short circuit current 
supplying a feeder, as represented in figure 1. 
[0005] The downsizing is reached by dimensioning each side of 
the switchboard for only the short circuit power of its rel- 
evant in-coming feeder. This downsizing is possible only 
when a very fast interrupting device is located in the bus- 
tie position. With reference to Figure 1, in the case of a 
short circuit condition (4) of the out-going feeder (1), e.g. 
in the right hand side of the switchboard in figure 1, the 
very fast interrupting device should be able to avoid any 
contribution to short circuit peak current coming from the 
other half (2) of the switchboard not affected by fault con- 
ditions, i.e., the left hand side of the switchboard in figure 
1. 

[0006] This downsizing is extremely interesting in economic 

terms for a new electrical installation, where all the new 
equipment can be purchased for a fraction of the total 
short circuit power supplying the complete installation 
plant, with corresponding relevant savings. Cost savings 
can also be achieved in case of installation up-grade, 
when an existing plant has to be adapted to an increase 
demand, thus avoiding the necessity for upgrading and 
changing all existing apparatus. 



[0007] The above-described solution can be easily implemented 
by simply using a fuse in the bus-tie compartment. How- 
ever, fuse technology has certain limitations, and it is not 
always possible to have fuses with a satisfactory nominal 
current. Therefore, in conventional practice, the use of a 
fuse in the bus-tie compartment is only effective for very 
small installations. 

[0008] The solution for bigger installations foresees the use of a 
fuse, which is supplied only by the short circuit current, 
while the nominal current is normally let through a low 
resistance parallel element. 

[0009] This parallel element may be an explosive cartridge, which 
is detonated at the moment the short circuit condition is 
detected. A control device takes care of detecting this 
short circuit, by both measuring the current amplitude 
and its rate of rise. 

[0010] The present state of the art, although satisfactory for the 
basic needs, has some disadvantages. 

[001 1] At the end of the short circuit intervention, the whole sys- 
tem, including both the explosive cartridge and the fuse, 
needs to be replaced before allowing the distribution sys- 
tem to recover complete functionality. This requires a 
maintenance operation, which takes time, and requires 



non-conventional spare parts, such as the explosive car- 
tridge. During this maintenance time, the system is oper- 
ating on both sides but not with the full short circuit 
power available, i.e., no loads are disconnected, but some 
operating condition may not be possible due to voltage 
drop and start-up limitations. 

[0012] Also, all the working functionality is based on an explo- 
sive device which, in some countries, can create difficul- 
ties in transportation and/or property permissions, or in 
others, simply be banned. 

[0013] a further disadvantage is given by the fact that the explo- 
sive-cartridge requires an electronic control that is sepa- 
rated from the switchboard control system. This requires, 
in practical terms, to have at least two different electronic 
control devices inside the switchboard, with all difficulties 
related to this. 
BRIEF SUMMARY OF THE INVENTION 

[0014] | n one embodiment, one goal of this disclosure is to fur- 
ther improve the already valid present solution, by over- 
coming all the above-described disadvantages or limita- 
tion, keeping from the other side, all of the advantages. 

[0015] | n particular, a further goal of this disclosure is to have a 
system which allows automatic recovery of the complete 



system functionality immediately after the short circuit in- 
tervention. 

[0016] Another goal of this disclosure is to have a system which 
does not need the use of any explosive. 

[0017] still a further goal of this disclosure is to have a system 
which integrates the specific fault current limiting control 
requirement inside the main switchboard control system. 

[0018] | n one embodiment, a fault current limiting system in- 
cludes switching means for providing a fast switching op- 
eration; a parallel current path comprising a limiting fuse; 
and a switching system to automatically replace a blown 
set of fuses with an unblown set of fuses after a fault cur- 
rent limiting operation has occurred. 

[0019] in one aspect of this embodiment, an electrical distribu- 
tion switchboard may include the fault current limiting 
system described above. 

[0020] An another embodiment, a method of limiting fault cur- 
rent includes providing a fast switching operation; provid- 
ing a parallel current path comprising a limiting fuse; and 
automatically replacing a blown set of fuses with an un- 
blown set of fuses after a fault current limiting operation 
has occurred. 
BRIEF DESCRIPTION OF THE DRAWINGS 



[0021] Embodiments of a system and method will be described 
below with reference to the attached drawings in which: 

[0022] FIG. 1 shows a conventional feeder system with left and 
right bus-bar systems; 

[0023] FIG. 2 illustrates representative currents in the system; 
and 

[0024] FIG. 3 illustrates an embodiment of a system of the dis- 
closure. 
DETAILED DESCRIPTION 

[0025] These and other goals are achieved by the system accord- 
ing to this disclosure, which relates, in various embodi- 
ments and aspects, to a novel type of fault current limiting 
system and method. The fault current limiting system of 
this disclosure is based on the use of combined fast 
switch and an electrical fuse in parallel; after a fault is de- 
tected the fast switch opens in a very short time and 
transfer the current to the fuse, which is able to blow out 
thereby interrupting the short-circuit current. Further- 
more, an automatic system takes care of replacing the 
blown-out fuse set with a brand new one. 

[0026] The fault current limiting system of this disclosure in- 
cludes advantages such as an increased perceived value of 
the solutions by the customer by providing full system 



functionality restoration in a short time; increase the po- 
tential market; and less expense than conventional solu- 
tions. 

[0027] An embodiment of this disclosure will be now described 
with more details. With reference to Figure 3, the system 
may include, in a non-limiting way, some or all of the fol- 
lowing elements including a switchboard panel; a fast 
switch disconnector (24); a number of sets of fuses (25); a 
fuse revolver switch (23); a circuit breaker (21); a current 
sensor (31); one or more voltage sensors (32); a voltage 
transformer (33); a switchboard control unit (40); and an 
extendable or withdrawable track which includes one or 
more of the above system components. 

[0028] a switchboard panel may include an enclosure (20) con- 
taining the other system components. 

[0029] The fast switch device (24) may be a disconnector having 
the ability to carry the nominal current for an unlimited 
time, but which may not have any make and break capa- 
bility. One characteristic is the capacity to open in a very 
short time as compared to a normal electrical apparatus, 
for example, in a time on the order of 1 ms. 

[0030] Another characteristic of the fast switch device is that is 
develops a relatively high arc voltage during an opening 



phase. This arc voltage is used to fast commute (in a time 
in the order of hundred of micro-second) the current in 
the parallel low resistance path where a limiting fuse is 
placed. 

[0031] | n order to be so fast during the opening operation, a rel- 
atively fast and powerful drive (45) is used. This drive can 
be based on a Thomson coil (also called repulsion drive or 
electro dynamic drive), or based upon a voice coil drive. 
Conveniently, the drive can be controlled by a corre- 
sponding electronic drive unit (43) which can be powered, 
e.g., by capacitors (42) charged by corresponding capaci- 
tor chargers (41). 

[0032] | n alternative to the fast switch disconnector, an explosive 
based cartridge may also be used. 

[0033] in one embodiment, the system uses limiting fuses. For 

each phase, several fuses (25) may be arranged in parallel. 

[0034] The fuse revolver switch (23) is a disconnector whose 

function is to, after a fault condition is encountered, auto- 
matically exchange blown fuses at the end of the fault 
current limiter system opening operation. This avoids a 
long out-of-service period for the fault current limiting 
system by automatically exchanging blown fuses with a 
new set of unblown fuses. 



[0035] The number of fuse sets available in the system can vary 
upon the expected rate of fault of the specific switchgear, 
or on the will to limit, as much as possible, the mainte- 
nance operation time. This can vary from a minimum of 
two sets, to whatever maximum is believed to be appro- 
priate. For example, 3 sets of replacement fuses (25) 
could be an optimum number. 

[0036] The circuit breaker (21) is used, for example, to manage 
open operation made in absence of fault; manage open 
operation in the event of a limited fault current which 
does not require fault current limiter operation; act as fi- 
nal switch-off device at the end of the fault current limiter 
operation; and to act as a back-up in case of malfunction 
of the Fault Current Limiting system. 

[0037] The current sensors (31) may be generic current sensors, 
with appropriate response time characteristics, to allow 
electronic control to detect starting fault conditions. 

[0038] Voltage sensors (32) may be either voltage transformers 
or resistive/capacitive voltage divider (or any other con- 
ventional type). They may be used in order to allow infor- 
mation to be obtained on the absence of presence of volt- 
age on both sides of the bus-bar. These optional sensors 
may be required when the fault current limiting system is 



applied as a bus tie current limiter and for automatic 
restoration of the fault current limiting operation after a 
fault current limiting system intervention. 

[0039] a voltage transformer (33) can be used as one possible 
supply to the system. A second voltage transformer may 
come from the substation auxiliary supply, which may 
also have an uninterruptible power supply (UPS) system. 

[0040] | n one embodiment, the switchboard control unit (40) is 
an electronic device, placed either on the switchboard 
panel or on the substation control room. In the first case, 
the control is seen as distributed, and in the second case, 
the control is seen as centralized. 

[0041] in the following discussion, the description will describe 
the system as a distributed system, but the centralized 
option is also possible. Tasks performed by this electronic 
device (40) are various, and include control of all compo- 
nents of the system; fast switch protection function; clas- 
sic protection function accomplished through a circuit 
breaker; and measurement of electrical quantities related 
to the switchboard. 

[0042] Some of the above-described components may be 

mounted on a moveable track, which can be extracted 
from the switchboard panel when a maintenance opera- 



tion is required. 

[0043] Advantages of the solution provided by embodiments of 
this disclosure, including use of the moveable track, in- 
clude easy access to all components mounted on the sys- 
tem; faster maintenance of the panel; the track itself may 
be allowed to easily integrate two disconnectors, which 
permit, once the track has been extracted, to operate on 
the fault current limiter system without difficulties or risk 
for the operator, and without the need to shut down the 
electrical power to the complete switchboard (or to one 
side of it). 

[0044] As an alternative to the tracked approach, a standard 

safety disconnector (22) can be integrated on the opposite 
site of the circuit breaker. The circuit breaker, in this case, 
will itself be withdrawable and reachable by a mainte- 
nance operator, once the safety disconnector (22) is open 
and the circuit breaker is withdrawn from the enclosure. 

[0045] under normal operating conditions, the fault current lim- 
iter track may be inserted, the circuit breaker (21) and the 
fast switch (24) are closed or, in case of the alternative 
solution, the safety disconnector (22) is closed, and the 
circuit breaker (21) is inserted. 

[0046] | n case 0 f fault, the electronic device (40), through the 



current sensor (31) signals, analyzes the estimated ampli- 
tude of the fault, by using both the amplitude and the rate 
of rise of the signal. In case the foreseen fault rises above 
a certain threshold, then the command to open is given to 
the fast switch disconnector (24). Otherwise the signal to 
open is given, according to the discrimination definition, 
to the circuit breaker (21). FIG. 2 provides an illustration 
of representative currents in the system with and without 
current limitation provided by the system. The dashed line 
(10) represents the total current I at the short-circuit 
point for conventional systems, i.e. in the absence of a 
fault current limiting system according to the present dis- 
closure; the solid line (11) represents the total current I at 
the short-circuit point for systems comprising a fault cur- 
rent limiting system according to the present disclosure; 
the lines (101) and (102) represent the individual contri- 
bution of the currents I and I of each feeder, the total 
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current I being the sum I + I . 
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[0047] | n case 0 f out-going feeder protection this threshold is 
the max peak bearable by the switchboard, while in case 
of bus-tie, this is the portion of the max peak bearable by 
the switchboard that the opposite side of the switchboard 
can contribute to the fault. Furthermore, in case the 



switchboard is supplied by only one side because an in- 
coming feeder is open, then the fault current limiter can 
be disabled (by a blocking signal from the controller), if 
the remaining in-coming feeder can not supply a short 
circuit power which can be dangerous for the other side of 
the switchboard. 

[0048] once open, the fast switch disconnector (24) generates a 
relatively high arc voltage across the contacts that forces 
the current to commutate to the parallel path inside the 
limiting fuses (25) which consequently melt. After that the 
circuit breaker (21) is open in its standard operating time, 
about 100 ms, and this completes the fault current limiter 
open operation. 

[0049] with circuit breaker (21) open, the fuse revolver switch 

(23) commutates from the present, now blown-out set of 
three fuses to the next one. 

[0050] n ow the system is ready to automatically restore the full 
system functionality. In case the switchboard control unit 
(40) finds the system health, then the system is automati- 
cally re-close. 

[0051] | n case the fault current limiter is used as a bus tie, than 
system health means the presence of voltage on both side 
of the bus bar. In case the Fault Current Limiting system is 



used as out-going feeder protection, than this means the 
impedance on the load is higher than a certain threshold. 

[0052] Once the fuse revolver switch (23) is arrived to the last 
position, which means no more fuse sets are available in 
addition to the one in service a signal is issued (either a 
message, for example a SMS, is sent to the control system 
operator or an alarm is set on) in order to call for preven- 
tive maintenance, in order to avoid not having "good" fuse 
to use in case or further faults. 

[0053] An optional protection in case of fast switch disconnector 
fault is foreseen. This protection can work on several 
principles, either on arc light, on current detection, or on 
a pressure rise in the cubicle, so as to inform the control 
system of the presence of the fault causing the in coming 
feeder to open. 

[0054] This disclosure is not limited to the embodiments de- 
scribed above, and instead it can be modified within the 
scope of the attached patent claims and the inventive 
concept disclosed herein. 



